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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a rate of occurrence of a display defect caused after long time 
continuous drive and to improve reliability by making a non-linear coeffi cient of an element a specified value or 
below when a current flowing through the element is expressed with a specified relation by an applied voltage. 
SOLUTION: A switch element holding in a hard carbon film being an insulation body between conductors and 
giving between the conductors a non-linear current-voltage characteristic is provided on each display electrode. 
Then, when the current I flowing through the element is shown by the applied voltage V as In (I/S)=pVV+K, a 
value of p is made smaller than 7. Further, the value of k made smaller than -35. However, the p is a coefficient 
showing non- linearity, and an S shows the area of the switching element. When the value of p becomes larger 
than 7, the deterioration in the element is increased rapidly, and when the value of k becomes larger than -35, 
the number of fractionation (number of duty) at a time division drive time is reduced rapidly. Thus, the reliability 
is improved, and high time division drive is made possible. 



<19)B#H#fF;f (JP) (12) & ^ |^ ^ (A) Ul)ftfttHBi&P§#^ 

#51^9-105955 

(43) ^HH ^9^(1997)4 3220 



(51)IntCL 




F I 




G 0 2 F 1/136 


5 10 


GO 2 F 


1/136 5 1 0 


HO 1 L 49/0<s 




HO 1L 49/02 








IMc3!©ffc9 FD (± 8 H) 


(21)tttH#^ 


^¥7-287906 




000006747 










(22)tfiSB 


¥i£ 7^(1995)10)3 9 B 




^jKHSAHE^m 1 Tg 3#6-^ 






(72)f£W# 


^ it* 








^CH5^HE4 ] SaiTB3#6^ flsS; 














(74)-reaA 





(54) HMOftfr] MS*^SB 



(57) 

X«r B ^*?^fc^T. 1. fifltt^iSV^M I 

2 . M&mmb&*mfeM i mjfp. 3 . ^mst 

SilflX-f -y^>-i/^-?t LTffiffl"5I#g^M I MI 

4. 2H»a&t^aS«rM I M*^ 5. ffifl;J±T'« 
KrCSSMIM*?. 6. PffiH^fcSlL/iMIM* 

8 . y^/KDM* jfc&^h^M I Mfft^Oflf*, 
[»1 3 In(I/S) =^^V + /r 
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[ft *if i ] wtm~cfo h mmmmm^mi^xu £ ^ 

^>7~mi-Z&m^mmz3:%:z_tzT7 'r < ?-? b 'J 
[11 ] In (I/S) = /3/V + *- 

[it mm 2 ] ttjsflrr* § mnmmm&mfox'te £ » 

[&2] I n ( I/S) =yS,TV + /c 

[fW&H 3 ] fcSBh.**S I ^EPSP t/t«J± Viz 

J;0 

Hft3] I n ( I/S) =/3/V+/r 

C±o a;^-4 1 4 3, 

coffin 5. 0-6. OX'hhZ\t^^t~thm 
M 1 4 fctt 2 IBtfe^^ B B B ||^a„ 

[|f^4 ] teStfi*. «SK 1 36*WJP LfctffVK 
±0 

[»4 ] In (I/S) =/3/V + a- 

£J:-?T£>'b;b£fl£k#, /ciOffl^-39 4 1, 

ipr>B0Mff4. 5-5. 5"C»«ifc*«Pafc"^*ll 

*jsi 4^(±2iBtfe^M B B B ^^a. 

HR5 ] I n ( I/S) =/3/V + /c 

£ = fc~3T£>£>ib£;fl&k§, 4 1. 

#r?j9 £7)flI*M . 0-5. 0-C**ifc*Wafc"r*if 
1 ifcfci 2 fe«^ B B B fl^B, 

[If sJ^if 6 ] Sftglil.tjl 1 #fflin Ufc*EVfc 
X*) 

me: i n ( i/s) = / 3 v r v+^ 

o T 2: §, «« ! -3 9 4 1, 

3&*0/3<?)fii#3. 0—5. O-CfciifcS^SRfc^illl 
*il l ifctt 2 f S*« B B B ^$§B„ 

[ it 7 ] ?« B B B «^#«^*(c*f -r § a -y f - y 
r9Ff*wv&*.<Wc& 1/3 Errr* & i t *mmt 

^&ft*Hl. 2. 3. 4. 5 4^i6fEiSM B B B ^K 

SB. 

[ it &m 8 ] ?a As^»ss£ft sax-fyfv 
7mFF<mnm-m.<r>yc& 1/30 j^Ltta * - 1 * 

t-TSW^l, 2. 3. 4. 54f^6lEK«?S B B B lft 



x^-y?^-hT*6ik£W^k^&M3<iSl. 2. 
3. 4. 5, 6. 7 4^(±81S«Offi a B a ^^. 

[0001] 

IffzT? f- 4 7"^ h U -y ? X^OjtS^^St tJVi 

o 

[0002] 

TFT (Thin Film Transistor) 

izim2ti&Es&m=?&wnLfiii>cob. mim (m 

etal Insulator Metal) (CftSft^ 

Tzmm Lfzm&^mwit&vim^&mx-fo o^**^ 

IMMt, IBS:? X h ^ffi< 4 fc, MP* 

^•x-f -y7 t >'/t!J#2r^f5C:i:ii:■C•■§ ; SrV^ zcotztb^ 

rM^m^z^ -y^y^m=Ft LxmmLtzmgkm^ 

m&m^mmiz&^x m ^m^&m$:ft$> iziz~m=Fm 
?cDm^Azmgkm<D9.w&-mzttLX'hz< l%< 

Xli&^uk^tLX^hifi. -tit X teSttttfc rtS 

t+»/hSv^fci:S<irv^*«o»*c-**. 4^c. #M 
T3 - 5 1 8 2 4-C«?HBE«Kpi*F«0lW«:jltm- 
^^ B B B Hc7)f#ffi^*^it^ 0 . 7-3. 5t;|5^^.t 

i o^lEii^Atfc^ 0 . 7 *iST!i?« B B B lS^a{i O 
N t =Sr & 2rv* 4: MS *tT u £ Jtf J-JTft 4 . ^ffiil 
AJi. ffi^Jl (Insulator) (CffiRjtaKJR ( D 
LC:Diamond Like Carbon) Jffi 
fflL^MIM-LCD^LT^S (^^2-28 
9 8 2 8, -86810f) . 

comm^mzx K>mm^^mcom i M*^^{«-r^i 

[0003] 
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i Mif^sttti. . 2 . w^mmamwrn i m 
3H^»f£, 3. Mi^sox^ -y^-y^^ 

k LTftWHTi&SrM I M*F-^seW-* . 4. 2ffi» 
tiKS^rMIMSR^ffiffi-rs, 5. {£«|±T-«»T-^ 

6. BP^SSteaLfcM I M 
7. ft^SSLM^WlgKjtilL^ 
M I MiJH^flfS^&s 8. ^"C*;W)JM*ft*Jfc6*/jNS 
MMIMif^ftfl,, 9. »<. 

m?ri>* io. ^s^ffifflsw^fta^dia^s 

[0 0 04] 

r?foVh y v ? x^to^B^^M^^ v >t , 
WE* A y ^yfmT k LT ±SP«ffi k TSP*ffi k OH 

[*7] I = a ■ ex P (/9V"V) 

i>L<Ii 

[lc8] I = a ■ V ■ e x p {/3J~W) 

jwtfcfw-flaarr* o , mmmmzmmLtzM i mi 

^ icSBh. ■& «cS t> ±iEo k *> 6 co^T" t> least- & & . » 
HJIk LTSW^S^^figffl LfcM I MffT'liifK 
atK^JgJSAfrilWllW-S ' k J: 0 . ±tE§E3i3£e9 
a. P*i±m^{mzWi<TE.-thz\bb i X°%h« Z\cr>tztb. 
fl^it. lltEE. fS^r/yh^xK tG^tt. FUR 

f±«tc ft irltfc*? & ffoR-T £ i k 3&fBTirc* S (5 #\ 

K^mm t ffiffl^- * ; k a*c & * . *%aj^?« B B B n^ 

W=fflV^fl?WiJS*JSa, DLC (Diamond L 
ike Carbon)!. ^TtyMW.r 

ti&hnx'foK). imnmrnmiz. Mn&m&tfx* 



3— /K x— - f/K xxf/K ->~hy, 

=Sr 0 1 hft&mX'fotitf X v ]»Ba»6«Wifc*l!!Mi 

izx ^^wm\mmui>^A,, WRvi>wmtm 

mx*h&. M I M3R^±4/£|±TWifcLTli 

^/P. A, a^S4$"i^«M^«^ffiffl^^k 

^> . i*i<s<oAiu»4Kaai» J 5»x J "« -y ^ y y^' 
[0005] mm\ i 

X^\°'y 9 'J y^T'^- hffifit^ 2 0 0 Q/DC9 I TO 

0 n m * 111 1 < xy ^.y ^ y y^mx^m Ltz . ; <^»« 

JE^srtcOffiTJti 5 P at$>l) o 77X"7CVD(I<t ^> 

tl^o MfflWEfflk tTtiRFaj^TO. 1-5 ow/ 
c m2 , JE71T-0 . 1 — 1 0 0 0 P a.mm.X'$>& . 

±Sffi«f[(?)- >vyiv*mt< xy s° . y ^ y y/st 

10 0 nm*fiatJt« imffiW^k <7)fl&Ki> HU 

{ ifts^- S y § $ ^A^ftl? £■ L T urn 

i5^xi±±mmm^zxh±^^:w\tmm^< . ±iz 

{tT*s. ±i?Bgw^^^^^— ynvjiLtzcoh^ m^m 
m±<nmMmmm&xfTmmtmzi®&LXM 1 mh^ 

HI tiS^-. H^t'l 01. 102, 103, 1 0 4ii 

*ti*tiM*M&* rmm. mmstmrn, ±.w&zmL 
x^&. Tci&LtzM 1 Mm^-MMn. ±mmtmmvM 
mizn&z mm-th ztizx-ox ^comR-mmm 
( iv»tt) comfeifto* «sas»ww*H2t=3s 

-To i<0 J: a ffiffl LfcM I M^^WE 

B^r I VffttSr^. m^Ltz i d tcM I M*F*ifth. 
ft«SKt4r-;l'7l'y^/l«^e#*3i^^)'C, »Ik 
*JE(± 

[»9 ] In ( I/S ) =/3v r V + /c 

k ^ a scr & -1. o ^ tz l , s{sm 1 m m=Fcomm 

(pm2) taLTV^. H2^^'^7ft^HfrlB^^ 
foh-tiX^m Ltz 3 fcSrf . SDI6<»D«S j^'/S . 



(4) 



WI9FP9- 1 0 5 9 5 5 



fro ft: . SfittRHiini k {iffi B H Bife^Mw»£»S L 
fcfflante#£±T«MBfc: 1 0 0 O^HEPJDt, 1 0 0 

o mm?) i v#i*£ as&r * t & . ic8t<o*s 

/S *» 7 i ») ifirtf->?VW=fc v . 
<0 . «frjtSRK»KIM(cftfflL^M I M?« H B H S^1§K 

[0 0 0 6] 

S i 0 2 JlSrn— h LftJS§ 1 . 1 mmCDV— fyJA, 

tfjx&mzxssv 9 y v j f'&X'^~y^wfi2 o o q 

i£?ji«S#(£ t ft . i <7)«jiBt£ 7tb'JV/57 4- 
Sffi Sr ffl I ^IHRtfr * * - > til Lft . y*hu zx 

Lft. nm#x{±^;?y, RJSL^ft^JlTJJi 10Pa 

ii^M L ft . ±mwb ^ ^ * * - van L ft o 
m i mm^-mm^m.Ltz. ^atwttittiM i m* 

^OBfffiWjiE* lasted. HMMl fcHiKKLT, * 

ffi.tii ) ofcfo-±x, y-vy-^y-f b^^fTOTNi 

?SB B B ^SaSr^)5S<. Lft . M I MSm&Kfc id *)fahH 

5^7fttlhM i M3PH^«c±^liS?mii h £teB^- 
ibiirL&^Ji 0 £fr -3 t OX* fa & <> .IcdJ; dtc 
LT. £4§"42r* Srt-oM I Mf^£f&£L^*/Wt; 
2r^i5coftt^6. 3 5 ^o^^v-yy'Mz 

Mtfto i^lftS^, atSt-3 5=to/h§<-r-g.i^ 

^T<7)&mwmwmiMfflz%& . w»Bri&Sri*4HW 

St f: * t O W$ £ EI 6 (c^-T . 

[0007] mmM3 

t m i M^^m^jtsicS^ft^cijfi^-r-g. i t #*r 

H7te^«|lFII*ii5^-. iK"2 0 1 , 2 0 2. 

2 0 3.2 04H^iifiis B B B i«ft§i. m.&mc?) 
mmm, m i mm^<?)%mmm^ m i Min^msys 

Mi^*fill^J:oT^k-r-l»ft*b. "HI^ffifiihLT 
IB* L T & £ . ?ffi H B B ^^m«ffifit. if «^»{i^ B B B « 

hstohsl m&mcom$iz£->xmkt&« - 



«T#&. 4ft. gfMMf, MfftiMM^mc 

kmumrnxfah. wi<&mmmzis^x* mr-2 
0 5tsgf2 0 6or B itcepap$^ftSJ±{±M B B B iiJ; m i 

M#Ptf>ffitt#/h$ < %-5ft±§1s?. fe B B Jii: M I MS^ 

ts:h. z<?)fztb, m&miz+ft%wmzmuLm&mc?) 

3\S¥*Stt*W«W-*>t«>tett. M I M?S^t;jrff-£M B B B 

L=2r*^. M I M^li^HBBSrWSeRptt^ia^tft. 
-Mlz&a. it £ hZtifX^st^tz,, ^ZX\ 

s 4 §"4 ^^*i:b& i> ^m^m^mm.am tfztz 

tiK 1 / 3 lilTT-ftWi'M^lBW*^"^ £ r fc sua 

Lft„ ftftL. aawttto~5v<?5«irc'f-tfWje^ 

V^-7«JH8tSt. ^*Jt^ 1 /3VXT<?)m 
£ (a : 1/3) fcliEflMrjfr-^fciiVvr^Sa 1 . ^ 
MJt^-^J; , 9^:&<^oft«^ (b : 2/5) . 
(c : 1/2) T1i:^°^;^iSMi**vh§<^:^^:^„ 
Sv«i*itr. ?« B B B il^^£SIS?;*J±^VhS < tznX 

[0008] ^JS^J4 

S i 0 2 Ji£rJ— h tftJ¥§ 1 . lmmW-^U 
^7^S»;xa"^ ij yyftxis- h1&m&2 0 0 Q 
/□c7)ITO®BH»«M^JFM. ^VTTtifflW 

&Ti*H9gt£ Lft . z comm ? * b u y ^ y 4 - 

SffiSrfflV^H3gfl:ffiv^-y^nXLft 0 7tll/yX 

f £ 1^* l ft (Ti^fifl^ izmryzmmhx mwmrn 
m*y°yx~?cvDmx"imLfz« tnt %%.&%$*?) 

o t § i ?"i^14J Lit. & 

±flffiw^t Lxnvfu&tTfrs-v&zmM 
¥m*M%.Lfz<Dib, 9mm2tmnizLx. $4^4 

^/S^A-Sri^MI M*-?,|glfi«7)TNMM B B B ^gaSr 

f^JS tft . i ^ISS^ #-4 1 4 3 5 . 

0-6. 0«ty7;K:*3Ut, 2«IBKjt3»31^!ff'ft 
£f#£ <r t ft . 2 ffiKKjtftS^^tt k (ife^ffi 
itE^^T, +»4ii3>' h^xh^^rL. 

ffitLT 0 . ?n7h-; co^i#/jN$ 
K»iEft*Bl9fc4 4:«)ft. m*cr>§mmz$5^X . 2 
«»BBtc*aF3rv>«^*»4 - fc ifi?% ft. 
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[0009] mmms 

S i 0 2 Ji£3— b L*:J?£ 1 . lmmW-^-fA 

^7Xlti;xA- 7 ^ y y^are^-- o o q 

/ODITOiMHIWitSJBiS, ^'l^TiiffS^ 
M?oA30nm>;r/l'S-'>A3 0 nm^ISIf 

b Sr^* LKco-hmiifxizx 7 y%mm Lxmrnmrn 

E7}kRFA73<D±£$. KHB#ra*$iJ«-f--&-tKJ; 

o t § * $-4 tt£ t, ^mmmmmzmm Liz . & 

ffM L -fe ifittfiw * ? - y t HI £ fx v \ 

i«ttJKLfc»fe. mmm 2 1 iiia^ lt , $ 4 $t 

fftSLfc. Z.0teSk/e&- 3 9 4 1 Tj&*o/3# 5 . 

0 — 6. OO^fy^VKcJsv^T. IBiWtJE^Kvv^/p 

[0 0 10] £6Hsffl6 

S i 0 2 JS£3-b UtJ¥3 1 • 

#7xiitx^7 9 u y^mx-i"— hffiKb&*2 0 0 q 

ii?OA3 0 n mi; 7*71-5 — 0 nmSrJt^^t 

J±7li:RFA77^A&$. SI£H^*ffl»$-S£i:KJ: 

JFM L fc^itiWRw f y&ui£frv i , 
ALhiOflHrjJaEJRaVTMtmSBi^LTM I Mm=F 

#tt£}I!J5£ LfcW^ SIJSM 2 fc IsltWc LTs § 4 §"4 
&/3 b k JtoM I M3lfflBtttfOTNMaEa*5^HI* 

fftftLfc. i<7)S*Ar^- 3 8 4 1 X'iP^&itS . 

0 — 6. oco-tfy^vucfc^T, IffiHBltF&XLfe'Rtt 

immmumizmrhm&mcD^tmmkfim^frx 

[00 11] 

S i 0 2 Jf£3— b t/cJf$ 1 . lmmW-f7^ 

#^.xMtt.xy\°>y ^ y y^a-ci/- hfflffi* t 2 o o q 



#JR?nA3 0 nmt7;^-7A3 0 nm^ISIf 
^T'SiEJFM L^: . £ oWiili*' 7 * b y y ^5 7 a - 

sffi * ffl v ^mmrnw ^?—y \z jdi . 7tM/yx 

£EfifcRFA#o>*SS. Hn$IB£fli<Hlft-&;z fete* 

KrttfcHJE LfcO^fc s S 4 §"4 * /3 t k % i oM I M5t 
W-3 9 4 1T*-5y3^3. 0 — 5. 0CD-fy 

mzmLtz^cD^^ %h z\ b ifiX'% tz . 
[0012] HSfiW8 

WMCT 3 t |hJ«CC LT , m&M b M I M*?*«3 4 S"4 
&^fiJt £ t -3?S B B BjS^«^f^fi!c U 1 0 0 0 B^rUtT) 

jSHSia»i«lfc*ff t ; ^j« H B B Ji^»»®i(c*N-^ 
M I M*loftm^ait^\ l/30J;DA&< : 5r-g.k 

h^^mm^M^z^fz. Z(VZbJ;<0, ?fe B B « 
<0«WMtC«^-SM I M*^5»*as*ttt 1/3 0 

^Eft*««w* i t *«r & * . »«^MJ:t b mams. 

[0013] *ffi^ij9 

«»K*js^KfflKi^iari)-5riB-C'fcs^fts mtb l 
t 5 xiii 5 x f- y 9 7 -f ;u a t> l < «sr 5 x 
■y ^ y- b ^ffiffl-r •& ; k s . i mmb 
Lxn%Mmy°n*xi,ztt-§-&wim*$>z> i t , ^« 

jt^VJ^ i^i, ffiffl-T 4 - F t:3SJiG t fc^W 
UXr— rKy^-^-7-cy, ^'Jx-f/W7 

^-y, ^y7x^t;i7ty, r^yp-h, skux 
f^fi/7^whf« lv^, mm^mmiz^m, 
i>v< immcomgmzmir& z t tzx^x^^m^K 
co$m*&m-t& i t *«r & 4 . *M£M-m/?§ 3 0 

OumCOt'VA— hOMffilzmZ 10 0 nmfOS 
i OiMxa", ^ y iotWL^SSJfffl 
LTv^ . M I Mi^«i®lSli^7Xl«5:ifflt 
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lz LTfftS Ltz M I Miflti X h 7 -f T^iMM 
f ^iv £ ffrft L . £ cd J; a fcffrfc t fc; <*/W±9E <« > . 

? *s i: -rs <r 1 1> s . 

[0014] ggffeffll 1 0 

r-f-S^. iS B H B Jli:M I M^COV-yf-y^'fcfLT^ 

&M I Mm^b-f&v — ?/ V— 7Xf- ycDJ; a 
< . i§B®*«*4b^fL4 «fc 3 Kvt&U'Cit? nx 

T14@eiai£Ktc «t 4 «J±^ F u -y T#fiJ» fc =5r h tz sb , 

2 ffi^co^ <^ximmx\ «S±»V **m£ 

M I M«^f«««U8HHWi!«. Biff. ±T*ffiWf4 

aw*, i t t,z x xmKtzmm&mw.*mkth z t 

[00 15] 

1 . m^z^dthmm i s^WJntfcWEvtcJ: K) 

lWt.1 0] In(I/S)=/3/V + Ar 

2 . m^zmx&nm. i * j EPj[iL/tmj±vt i o 

Hftl 1 ] I n ( I/S) =/3^V+^ 

■thc\biz£~jx m^mmiMmiz * ^> . 



[ftl 2] I n ( I/S) =y9^V + ^ 

tcJ;oT*.fe^Sn-g.i:§, at^II-4 1 43. 

*^/8cott^5. 0 — 6. 0t;-r-S.ih^J;'3T2ffl!iB 

4 . *ftifth.*«S 1 &mnLfcMEV£.X 0 

tUfcl 3] I n ( I/S) =y9/V + ^ 
t<t"?T*>^^)$tlS a-^ISSt-39 4 1. 

*^/3cr)fi^4. 5-5. 5\<z~r&c\bi l zz.^xwmn. 

5 . XFHtffii&WaL I ^EPiD t JtflffiV lz X 0 
[»14] I n ( I/S) =/3/V + ^ 
tJ;-r>TS)^^)$ix5i:#. A-^liSr-38 4 1. 

^/3coffiSr4. 0-5. o \,z~th c\ b iz x ^xmmm 

mzmttzn^nh z b tfx-% h . 

6 . m^Fizm.ti&'mfo i ^epjdl^weev^j; o 

[ftl 5] I n ( I/S) =/3/V + /r 

fc:J:ot»6*)3*t4i:&, ArcOtf^-39 4 1. 

#»o/3<5Dffi£2. 0—5. 0 tts; tCi-jt^f 

€^i<^ifc il/3 JSlTtci-* iitioT Mb b b )1^3K 
8 . ^ B B B ii^ff**§M^M-f--S» ISx >f ■/ f - y /H^^W 

«§*^)ib^ 1/30 iiLhtc^i> zbdzx-o x-gmmm 

9 . ^ H a B )g ^^ft^-S ^ft«»^^ 3 fei(«fir < fc t— * 
«lW75Xf 7 ? 7 /1A t L < (i:77Xf 7 ^ y 

[H 1 ] mmmicom i Mi^isi«is^^titi) 
[02 ] ustMi^M i mm^mm-m^m ( i v 

[EI3] H2C0^57M2r 

[ftl 6] I n ( I/S) =^/V + a- 

[EI4 ] »fiMl COM I MSFPfc 10 0 O^raiEIW^ 

[05 ] mmm2coM i M«/^DrHifESc^^-r0T-s> 

[06 ] WfiM2«M I M^Ol»nTI^B#^»iMh 

k b comffi &^~tmx$> h . 

[07] HifiM 3C0MIM-LCD O^tffiHIiK^^-0 
[08 ] fla5^B^JSEASO»«SiK 

[09] ntfeH4 ot NM^ B H B ia^so 2 emtzft 
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wt£& hK<7>m.*.&-h*t$m**&?mx-s>h. i o i 

[010] mW\ 5 £50 T N M^ B H B *^M£73fi*l±» 1 0 2 

^*S=&/3 i; iVCOffl^^Kffl^Srna-C&S. 1 0 3 

[mil] hj^j 6otn wM^m^mcommm^m 1 o 4 

1 K(^>m.^h^Mm^~tmrchh . 2 0 1 

[012] UliS^J 7 C0a^itSlffi?g^«!iBi&t«5tt^ 202 

£ t a: cDffi^^-ttEH^^-f-HT-* S . 2 0 3 

[ El 1 3 ] ^M^J 8 ^« B B H SS^Bc^ B B «^ff 2 0 4 

cstr s m i um=F cot t mmmt t mmmm tco^im 205 

corns i^ctmx-h * . 2 0 6 
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